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BESIII data sets

BEPCII/BESIII, 2008 — 2030
Eems = 2.0 — 4.9 GeV,
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Charmonium decays provide an ideal [ab
for light hadron physics
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What’s the role of gluonic excitation
and how does it connect to the
confinement?

* Clean high statistics data samples
* Well defined initial and final states

 Kinematic constraints
 |(JPC) filter

* “Gluon-rich” process

hadrons

j% hadrons :% hadrons

F(J/Y = +G) ~ O(a (.}f:l_. F(J/v —~vH) ~ O( {.‘t'(_l';})‘

F(J/Y —yM) ~ O(cm ), T (J/¢p = F) ~ O(t'}(}%)



A few highlights

e Structures near NN threshold
* X(pp) and X(1835)

e Scalars near KK threshold
* 27(980) — £,(980) mixing

e Search for glueballs and hybrids



pp threshold enhancement X(pp)

PRL 108 112003
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* First observed in ]/ — ypp at BESII, % 600f
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confirmed by BESIIl and CLEO-c S 500F 1,

S 400F

* PWAof J/¢ = ypp :J'¢ = 07" £ 300
* The fit with a BW and S-wave FSI (1=0) factor 5 200f ]
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* Non-observation in hadronic decays: not 0 M 2 (GeVIE)
pF =P

from pure FSI of pp

E 500 ( ) 1000
80 ? ~— total fit J/ 9(’) 7] ss0E- (@ 900 E- -
< 70 E o Jiydata \Il pp Q 4oF «7\0‘ 800 o
S E oo SXN (- 0X(0D) 3 ¥0f —-Data 3 70 S
© 60 F non-resonant contribution Z %00f — Global Fit = 600 [0}
(0] E 5250-77 X(pP) Ssoo- >
5 OF £ 2°F __ Background 2 “oF <
: E S 150F- S 300F- N
e 4F W00 @ 200F- o
3 3pF sof- i 2 .
3 20 E 0dF 0dE °>) Mo ¥ <
> 5 ; . B
w F2Y g 0.3f g 03 I} <
10 So2f - 02 Lo
0 Bl L I W gif=m=mm===" & o1 00 o= 0|1 il -0- ;é
0.0 0.0 A 2 \
o 0.05 01 015 02 0.00 0.05 0.10 0.00 0.05 0.10 5
M(pp)-2m, (GeV/c?) M_-2m, (GeV/c?) M_;-2m, (GeV/c?) Mpp'emp (GeV/c?) ‘

PR D37 112014 PR D93 052010 PRD99 112010 -



X(1835)

* Observed by BESIl in J/p—>yn'mt*rT,
confirmed at BESIII

* PWA of J/>yK KN

* X(1835)>K K is observed (the K K¢
system is dominantly produced through
the f,(980))

° JPC=0—+

* Observation of n(1475) and X(1835)
inJ/Y - vyye

* Flavor filter: sizeable ss component

Events/(0.02GeV/c?)

PRL 106 072002

500 |
400
300
200 f
100 |
nee
14 16 18 20 22 24 26 2.8
MmN’ ) (GeV/c?)
PRL 115 091803
S N B L L BRI B
o 20 (a) 1@, =1.40
2 70F —+ Data o]
= c — MC projection 1
O 6ok Il Background
(O] F ---- X(1835) ]
o 50F — - X(1560) =
o E Phase space
S 40F 3
=~ F ]
o 30¢ >
'E E ]
o 20 =
> ' 3
11] 10 + =
0:_,,. " Mo Thd ]
16 18 20 22 24 26 28
2
MKgKgn (GeV/c?)
PRD 97 051101
T adl ‘ g
> L
Q C
O 300}
Tg)
™ C
© 2001
=
~—
D 400
@ C
<

P A N o el R 1 SV
1.2 1.4 1.6 1.8 2

M(yo) (GeV/c?)




Anomalous line shape of n't* it near pp mass threshold:
connection between X(1835) and X(pp)

X(1835) observed in J/{y—-yn'ntn”
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X(1835) JPe=0-+

1 M= 1844 + 9718 MeV/c?

I =192*397%2 MeV/c?

X(pp) observed inJ/y—ypp

X(pp) Jre=0"+ %
L

M =1832}1°*12 + 19 MeV/c> ¥

=13+ 19 MeV/c?
(<76 MeV/c? @ 90% C.L.)

PRL 108, 112003 (2012)
PRL 115, 091803 (2015)
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The anomalous line shape can be modeled two models with equally good fit quality

* Suggest the existence of a state, either a broad state with strong couplings to pp,
or a narrow state just below the pp mass threshold
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e Structures near NN threshold
* X(pp) and X(1835)

e Scalars near KK threshold
* 27(980) — £,(980) mixing

e Search for glueballs and hybrids



a,(980) — £,(980) mixing

* The nature of ground state scalar a,(980) and f,(980) are

controversial
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Quark model

a,/f,

Experimental data

qq mesons, KK molecules, tetraquarks, hybrids,...?

* a,(980) — f,(980) mixing (proposed in 1979) is very sensitive

to KK coupling, which is an important probe to the internal

structure of ag(980) and f,(980)
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a,(980) — £,(980) mixing
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Explore light hadrons with charmed
meson decays

- o In the SU(3) symmetry limit,
v v PR D82, 034016 (2010)
C d C d

B B(D* — f5(980)*v) + B(DT — fo(600)l*v)
B B(D+ — a3(980)I+v)

d d { 1 two quark
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3 tetra-quark

D’ — a,(980) e"{6.50]
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i o BESIIl measurements:
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e Structures near NN threshold
* X(pp) and X(1835)

e Scalars near KK threshold
* 27(980) — £,(980) mixing

e Search for glueballs and hybrids



Glueball

Evidence of gluon self interaction
Provide critical information on the gluon field and the
guantitative understanding of confinement

mx (MeV) mg++ (MeV) mo++ (MeV)  mg-+ (MeV)
12 | N 15 Ny =2 938 1417(30) 2363(39) 2573(55)
0 w— 650 1498(58) 2384(67) 2585(65)
N Ny=2+1[22 360 1795(60) 2620(50) —
10 | 2 W3
2 m—— pal ‘ . - P 9200/ ¢ p oERrnlAEN/1¢
o — quenched [13] 1710(50)(80)  2390(30)(120)  2560(35)(120)
att quenched [14] — 1730(50)(80)  2400(25)(120) 2590(40)(130)
- 3 = . . :
= ] Low lying glueballs with ordinary
hD (@]
. guantum number
-2 mixing with ggbar mesons
1
2 | Phys. Rev. D 73, 014516 : :
Y Systematic studies needed
N o * Outnumbering of simple QM states
++ -+ +-

Glueballs from Lattice simulations in the pure
gauge theory without quarks

* Abnormal properties

13



Overpopulated scalar mesons

“/ \ “\ Jo(1500) ‘ :“ %(1710) |
[ fa370) | 4 il
// N \\ L\\ - /J S
| fieoo) | N g
g\\ //, / \‘. //' \
[kia30)) [\
A fto80) |
\\\ . /‘ |
[ aq(980) k."“\ i \\_\ @ 7 Q\V
\_ /|40 ér‘\\/r ,
f“ K(800) \‘“ ‘ k \
\ 0 [ k5(1950) |
; \ ; A From M. Pennington
Name Mass [MeV/c?] Width [MeV/c?]
fo(600) = 400 — 1200 600 — 1000
f,(980) « | 980+ 10 40 — 100
fo(1370) = | 1200 — 1500 200 — 500
f(1500) « | 1507 + 5 109 + 7
fo(1710) x | 1718 6 137 £ 8
f,(1790)
fo(2020) 1992 + 16 442 + 60
fo(2100) 2103 £ 7 206 + 15
f0(2200) 2189 +13 238 + 50

Mixing scheme:

very controversial and model dependent

£,(1370)
B

Glueball

£,(1700)

Glueball

(uu+dd)

fo(1500) , f,(1710), which one has more gluonic

component?

14



Amplitude analysis of ]/ = ynn /KoK

BESIII PRD 87, 092009 (2013)

F T T
r 7 Resonance Mass (MeV/c?) Width (MeV/¢?) — yX — Significance
" 200[ { - Enusom 1468+ 14+23 13641438 (1.65+926+031) X 10-5 820
- r ] o(1710) 1759 + 6714 172 = 10532 (23550135020 < 107 25.00r
L 4 - = < —16 =20 _011-074 2
S 150 -  fel2100) 2081 + 1343 273421478 (1T 13.90
= . . 2 2
2 - 1 £01525) 1513 + 5+, 75112+ 16 (3.423087130) x 1075 1100
< ook 1 211810 1822+23+66 229+ 3+ (540758349 x 1075 6.40
< - + 1 (f2(2340) 23627357190 3341027168 (5.607082%227) X 10~ 7.60
= C ]
> - -
= 50 } i ' -]
oyt +i ] ~
i | Y, ] Broffy(1710) ~10x larger than f,(1500)
o P E N TV T, e’
5 2 2.5 3
2
M"“ (GeV/cT) Resonance M (MeV/c?) Mppg (MeV/c?) I' (MeV/c?) Tppg (MeV/c?) Branching fraction Significance
K*(892) 896 895.81 £0.19 48 474£06 (6.2870191027) % 10-5 356
BESIII PRD 98, 072003 (2018)  k,(1270) 1272 1272 +7 90 90 + 20 (8.54119714235) » 107 160
F - fo(1370) 1350 + 9+12 1200 to 1500 231 + 2142 200 to 500 256
F L ata
6000 : fo(1500) 1505 1504 £ 6 109 109 +7 (159301501 5 230
b g Wit 75(1710) 1765 + 21 172318 146 + 347 139 + 8 2,007003+031) > 350
= RE — Signal MC 7o(1790) 1870 £ 72 146 + 1471, M prarys
2 40001 f0(2200) 2184 + 54 2189 + 13 364 £9 238 £ 50 (2:7210%+017) 5 104 > 350
Q . £0(2330) 2411 £ 107 349 + 1817 (4.951 021 1080y 51075 3560
E 3000 (-~ £2(1270) 1275 1275.5 +£0.8 185 186.7132 (2.581 02059y 1075 336
= 2000 = £5(1525) 1516+ 1 15255 75+1+1 7318 (7.991 38198 %:10-5 > 350
o F (2(2340) 2233 + 3455, 2345130 507 + 3718 30272 (554 1E) 5 1075 260 )
1000 — ", | O*YPHSP (18535551958 %1072 260
0Bl 2++ PHSP (5.73 ) 2 e) X 10-5 130
1 12 14 16 18 2 22 24 26 28 3

Mass(KK,) [GeV/c?)
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Scalar glueball candidate

L(J/¥ — vGo+) = s M";" |E1(0)|2 = 0.35(8)keV
/Tyt = 0.33(7)/93.2 = 3. 8(9) x 1073

ﬂ

CLQCD, Phys. Rev. Lett. 110, 021601 (2013)

$ o

Experimental results

>B(Jhy > y6,(1710) > yKK)=(8.5+12) x 10~*

»B(J/y 2 yf,(1710) > yrr)=(4.0+1.0)x 1074 ——

——

»>B(/y > 16,(1710) > yow)=(3.1£1.0)x 10~* o

N N 00
B(J/y—y £ (1500) —y K°K3)
B(Ay—y f (1710) 5y KXKY)

B(J/y—y fu(1500) —ymm)
B(J/y—y fu(171 0) —ynn)

B(/y—y f (1500) —ynn)
B(Jy—sy £ (1710) —yrr)

B 0 2 4
»B(J/y > 11,(1710) > ynn)=(2.357 13+ 5:55)x 10~*

= B(J/y 2 y£,(1710)) > 1.7x 1073

fo(1710) largely overlapped with scalar glueball

6
Branching fractions (10

8
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Tensor glueball candidate
BESHI ]/ ¥ = v

mu2500 # 0 model independant
T(J/¢ — ¥Gat) = 1.01(22)keV > - 0 sl
(J/% = 7Gar) (22)ke 52000 Fib o o st
D'(J/Yp — vGa+)/Tior = 1.1 X 1072 1500 G 2 okt
CLQCD, Phys. Rev. Lett. 111, 091601 (2013) N ; e
_ 21000F ey,
Experimental results -
- U 500 N ;qr:'rr "*:‘_-:"T'"‘:-:, " e
Br(J/y — ¥f,(2340) > ym) = (3.8 ;) x 107 oL’ BN ey ,:_“m_m
Phys.Rev. D87, 092009 (2013) 2 22 2 4 2 6
Br(J/y — f,(2340) = ydd) = (1.91+0.14°72)x 10" (f) M(90) (GeV/c?)
Phys.Rev. D93, 112011 (2016) f,(2010), f,(2300) and f,(2340) stated in
Br(J/y — vf,(2340) — YK K¢ ) = (5. 54*823?55) 107 np reactions are observed with a
Phys.Rev. D98, 072003 (2018) strong production of f,(2340)

Consist with central exclusive
production in WA102

It is desirable to search for more decay modes 17



Pseudoscalar glueball

The small number of expected pseudoscalars in the quark model provide a clean and
promising environment for the search of glueballs

7
L 300F I T I T 3
6L 1st radial excitation o (b)
L L —
5+ \V4 X(2370) ::; 1405
F ® (=]
(] + a ¥ 4
Q af n(1475) ® 2 \
s .* n(1760) E
2 - - —
| n(958) ® = i
1+ W '1(1295)\‘ n(1405) S 1001 MARKII l'.
- Py [
oL Yn(548) ,f! \\__...;-'.-5!
! ; ] . ! . ! . ] e
1 2 3 4 5 0 T ,
n 0 12 16 16 18 20
mggn (GeV)

Where is the O-* glueball
Long standing E-t puzzle
« LQCD: 0-*(2.3~2.6 GeV)
« Does n(1295) exist?
« What' s the nature of the M=14907143; r=54731+13 Mev /2
outnumbered n(1405) ?

. g 1 15 z 2
M = 1416 + 81, r =917 7" MeV/c?

18



Isospin-violating decay of
n(1405) - f,(980) "

< 60F < 100" 3 y f0(980)7_c
% wof ° | Iy
S of g n(1405/1475) T
g 30F g 50 7T
g 20 a3 |
5 10F L%

927 1a 1.6 18 O bt o =

M(f (980)r°)(GieV/c?) M(x®r9)(GeV/c?)

BESIII PRL 108 182001

fO(980) is extremely narrow: I' = 10 MeV.
PDG: T'(fO(980)) =~ 40~100 MeV.

Anomalously large isospin violation:

Br(n(1405) — fo(980)7° — 7+ 7~ -
r(n(1405) = fo®8OT" = 7T L 179 + 4.95%

1N

Br(n(1405) — a3(980)7° — na%7Y)

_ Br(y,— f,(980)n° = x"n x")

 Br(x, —>a,(980)1° —=na’n®)

Eﬂf

<1%(90% C.L.)| PRD, 83(2100)022003

19



Isospin-violating decay of
n(1405) - f,(980) "

Inspired by BESIII’'s observation, the triangle singularity mechanism plays an

important role in the study of threshold phenomena

KO (K*) T K = -_ b1 £(980)

naos) /S o-~ 1n(1405/1475)

a,(980) “=-< £(980)
=1 KOO | =0

[ K K- KO KO

T

£,(980)

096 098 1.00 1.02 1.04
M:x (GeV)

—>No need for two pseudoscalars around 1.4 GeV
- Look for pseudoscalar glueball in higher mass region

Manifestations of TS in various processes
Phys.Rev.Lett. 108 (2012) 081803

Phys.Rev. D86 (2012) 114007

Phys.Rev. D88 (2013) 014045

Phys.Rev. D87 (2013) 014023

Phys.Rev. D89 (2014), 054038

Phys.Rev. D92 (2015) 034010

Phys.Rev. D91 (2015) 094022

Phys.Rev. D92 (2015) 036003

Phys.Lett. B753 (2016) 297

Phys.Rev. D93 (2016) 114027

Phys.Rev. D95 (2017) 034015 20
Phys.Rev. D97 (2018) 096002



Structures >2 GeV

-

yn'TeTe BESIII PRL 106, 072002, PRL 117, 042002
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Landscape of light glueball has been updated

Gcalar: Overpopulation A

v’ Strong production of

« LQCD : ground state 0* glueball E> f,(1710)/f,(2100) in J /¢ —

~1.7 GeV, first excitation ~2.1 y n/KK/mm
_ GeV .
f ™
Tensor: large uncertainty =N 7 ?t(rgyfogoirg?/ul;ti_?n of -
+ LQCD: 2+*(2.3~2.4 GeV) /b ynn/KK/
> J
KPseudoscaIar: very little known v Trajectory: A

above 2 GeV, puzzles in low mass E> - n(1405) /n(1475) can be
region one resonance

. LQCD: 0-*(2.3~2.6 GeV) OAbove 2 GeV: X(2370)?

N /




: GlueX@JLab o
Hybrids BESII| s =

m, 16(JPO)=1-(1)

T

K, I15(JP%)= % (1°)

Ny 15(JP9)=0%(1")

Ny 19(J7)=0%(1")

Not observed yet

® Only 1t; are observed. Isoscalar 1-* is critical to establish the
nonet
® [soscalar 1-*is expected to be produced in ]/ radiative decays
® /Y - vy+am/nf /K K/mm'/nf, /...,
® Synergies between other experiments with different production
mechanism

23



events / 10 MeV/c?

Hybrids

* X1 provides another suitable environment to look for 1+
« 14(1600) studied in y.; — n'm* ™™ by CLEO-c [PRD 84 112009(2011)]
* only r1(1400) has been reported decays to nm
— QT 1T
Xel = 1] BESIII PR D95, 032002(2017) o 10 5
N
") | e L 60F b) el 8 2,980
500} 25705’" % 5005_ 2570,(’:‘) E 6j_ - 2,(1320) ::
400 el = 400 e (ol O AN
: & : , S0 ~a,(1700)
: < 300F oo = 41§
C 2 E W &
- QCJ 200F B 4 N
= > r AL g )
. ® 100 L ¥ b N W
: ey VR oo p AT T g o 0k —+—r'.'rr’-:.‘-'l‘-'u‘,-;:r~—r'-," == A [ S
0.5 1 1:5 2 25 3 3.5 0.5 1 1.5 2 25 3 0 &2 4
M(nm) [GeV/c?] M(r') [GeV/c] 01214 6 8 0
) - M2 + V 22
e Clear evidence for a,(1700) in x_,decays. (') [GeVie]

* First measurement of g, # 0 using ay(980) — n line shape.
e Measured upper limits for T, (1~ ") in 1.4 - 2.0 GeV/c? region.



10B J/w and 3B y' provide great opportunities
o+ 2+ 0" ® 0, 27 : coupled channel analysis
® J/y—VPP
J/Y->yPP ® W/ + X
J/b->yWV ® 0- : trajectory >2 GeV, X(2370)
J/Y—->yPPP ® J/)—yPPP
J/U—>yPPPP ® J/y—vyy V
® 1+
Flavor Filters: ° J/LIJ_’W?(’)
1
P=SyXSyyV o u> X ,
/U>VX Dy y /U>w/d + ® ., — mﬁ)ﬂml

Anti filter:

25




* Data with unprecedented statistical accuracy from BESIII
provides great opportunities to study light exotics

* To obtain a complete picture, different experiments with
complementary information are needed

* To explore the high statistics data sets, more advanced tools
and closer experiment<->theory cooperation are needed

Thank you for your attention
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Superconducting magnet: 1 T

NIM A614, 345(2010)

EMC: Csl cristal
« Energy resolution: 2.5% @1GeV
« Spatial resolution: 6mm

MDC:
« Spatial resolution: o_= 120pum

« Momentum resolutign:o.s% @ 1GeV

« dE/dx resolution: 6%

TOF (double/single layer scintillator):
Time resolution: 80ps (barrel)
110ps [60ps] (endcaps)

Muon ID:
9 layers RPC (8 for endcaps) in the flux-
return yoke
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